Abstract: Thecoordinationchemistryofmercuryisanextremelybroadfield,asshownbyasurveycoveringthecrystallographicandstructural dataofover550examples.About12%ofthosecomplexesexistasisomersandaresummarisedandclassifiedinthisreview.Included aredistortion(73%),polymerisation(20.6%),coordinationnumber(3.2%)andligand(3.2%)isomerism.Thesearediscussedinterms ofthecoordinationaroundthemercuryatoms,andcorrelationsaredrawnbetweendonoratoms,bonddistancesandbondangles. Distortionisomers,differingonlybythedegreeofdistortionintheHg-LandL-Hg-Langles,arethemostcommon.Theseisomers arediscussedandcomparedwiththosefoundinthechemistryofzincandcadmium.
1.Introduction
Although mercury belongs to the IIB group of elements, it shows such unique behavior that it cannot be considered a homologue of zinc and cadmium. All are remarkably volatile for heavy metals, particularly mercury. Mercury becomes extremely hazardous in the biosphere because there are bacteria that can convert it to the exceedingly toxic soft acid CH 3 Hg + . The latter is highly persistent in biological systems and becomes concentrated in the food chain. It is well known that Hg(II) has a special affinity for sulfur and thus tends to form extremely stable complexes with thioamino acids such as cysteine, and methionine. This affinity between sulfur and mercury is responsible for many of the toxic effects of mercury in biological systems.
Systematic studies in the field of stereoselectivity of coordination compounds over the last 50 years have become of increasing interest. Stereoselectivity in coordination compounds is very often related to important stereospecifity in biological systems, catalysis and stereochemical effects in industrial processes. Isomers can be broadly classified into two major categories: structural and stereoisomers. The former can be divided into ionization, hydration, coordination, linkage and polymerisation sub-categories, and the latter can be divided into geometric (cis-trans, fac-mer), optical, distortion and ligand isomerism.
Mercury exist in the following oxidation states: Hg(1) (Hg 2 (2+)), Hg(0.33) Hg(1.33) and Hg(2). Of these, +2 is the most common. Crystallographic and structural data for over 550 mercury coordination compounds has been surveyed [1] with 65 isomeric examples noted. In this review, we analyze and classify these examples.
Analysis of zinc(II) coordination compounds [2] reveals two isomeric types: distortion (96%) and ligand (4%) isomerism. Analysis of cadmium(II) compounds [3] reveals several isomeric types: distortion (91.5%), ligand (6.5%), cis-trans (1%) and polymerization (1%) isomerism.
The aim of this work is to discuss the factors which could lead to a better understanding of stereochemical interactions within the coordination sphere. The systems discussed have been sorted by nuclearity and subdivided according to the coordination number of the mercury atom. Within each coordination number, the
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Isomers in the chemistry of mercury coordination compounds compounds are listed in order of increasing covalent radius of the principal coordination ligand atom and increasing complexity of the coordination sphere. A comprehensive discussion of isomers of complexes of group IIB metals is also presented.
Distortion Isomerism
The coexistence of two or more species, even within the same crystal, differing only by the degree of distortion, is typical of the general class of distortion isomerism [4] . There are 46 such examples.
2.1.Monomeric mercury compounds
The crystallographic and structural data for monomeric mercury compounds which exist in two isomeric forms are summarized in Table 1 . There are 12 such examples with chromophores: HgS 2 [5, 6] , HgS 4 [7] [8] [9] [10] [11] [12] [13] and HgCl 2 P 2 [14, 15] . In two colorless,monoclinic isomers, α-Hg(SCN) 2 (PPh 3 ) [5] and β-Hg(SCN) 2 (PPh 3 ) [6] , the three coordination sites around each Hg(II) atom are occupied by the two unidentate S-donor atoms of the two SCN groups and the P donor atom of the PPh 3 ligand (HgS 2 P). While the Hg -S bond distances of the α-and β-isomers differ from each other with values of 2.469(4) and 2. 539(4) for the α-isomer vs. 2.491(4) and 2. 519(4) for the β-isomer, the Hg -P bond distance is equal in both isomers (2.461(4) ). The SHg -S and S -Hg -P (av) bond angles are 118.3(5) and 123.1(1)° for the α-isomer, and 106.4(2) and 126.8(2)° for the β-isomer. This indicates that the β-isomer is somewhat more distorted than the α-isomer.
In two colorless triclinic isomers of composition (bedttf) 2 [KHg(SCN) 4 ] [7] , each mercury atom is tetrahedrally coordinated. Four SCN groups are located around each Hg(II) atom in a tetrahedral arrangement (HgS 4 ). These isomers differ from one other by their degree of distortion.
In two monoclinic colorless isomers, α-[Hg(tu) 4 ]Cl 2 [8] and β-[Hg(tu) 4 ]Cl 2 [9] , four unidentate thiourea ligands form a tetrahedral arrangement around each Hg(II) atom (HgS 4 ). The mean Hg -S bond distances are 2.536 in the α-isomer and 2,549 in the β-isomer. The six "tetrahedral angles" fall in the narrow range 94.0(1) -124.2(1)° in the α-isomer and 102.1(1) -116.9(1)° in the β-isomer. This indicates that the α-isomer is somewhat more crowded and has a higher degree of distortion than the β-isomer. in the case of the β-isomer. Unfortunately, the value of the S -Hg -S bond angle is known only for the α-isomer. Five of the six "tetrahedral angles" fall in the narrow range 117.5(2) -149.7(3)°, while the angle which is part of the four-membered metallocycle (S -Hg -S) is significantly smaller (70.7(2)°).
Another (α-) and 2.616 (β-), while the S -Hg -S bond angles in the α-isomer are deviated by 2.4° from the ideal square planar angle (90.0°) and by 1.7° in the β-isomer. This indicates that the β-isomer is somewhat less crowded but somewhat less distorted than the α-isomer.
The remaining two colorless isomers, α-(HgPPh 3 ) 2 Cl 2 [14] and β-(HgPPh 3 ) 2 Cl 2 [15], differ not only by degree of distortion but also by crystal class: α-is orthorhombic and β-is monoclinic. Each Hg(II) atom is tetrahedrally coordinated (HgCl 2 P 2 ). The mean Hg -Cl and Hg -P bond distances (α-vs. β-) are 2.498 and 2.518 vs. 2.552 and 2.470 , respectively. The Cl -Hg -Cl, PHg -P and Cl -Hg -P (av) bond angles are: 106.6(2), 113.5(1) and 109.0(2)° for the α-isomer and 110.7, 134.1(1) and 102.8(1)° for the β-isomer. The β-isomer is somewhat more distorted than the α-isomer. 
Di-and polymeric mercury compounds
Crystallographic and structural data for di-and polymeric isomers are summarized in Table 2 (Fig. 1) . The coordination geometry around the Hg(II) atom is a very distorted tetrahedron. The S(2) 1 -Hg -S(3) angle, between the two Hg -S bonds (average lengths of 2.419(4) in β-and 2. 409(9) in α-) is the largest of the six tetrahedral angles: 147.7(1)° (in β-) and 148.8(3)° (in α-). The S(1) anions. Each Hg(II) atom has a tetrahedral environment, with mean Hg -Cl bond distances of 2.476 (molecule 1) and 2.418 (molecule 2). The deviations of the Cl -Hg -Cl bond angles from the ideal (109.5°) are 12.5° and 7.0°, respectively.
In colorless Hg(η 2 -dmv) 2 [34], two heterobidentate donor atoms, O and N, belonging to the dmv ligands create a tetrahedral geometry about each Hg(II) atom (HgO 2 N 2 ) with different degrees of distortion (Table 3) . Six "tetrahedral angles" can be divided into two groups: three (N -Hg -N (x1) and O -Hg -N (x2)) angles, with values (molecule 1 vs. molecule 2) of 148 (1) Two pairs of unidentate ligands in colorless Hg{P(CH 2 CH 2 CN) 3 } 2 Cl 2 [37] create a tetrahedral arrangement (HgCl 2 P 2 ). The mean Hg -Cl and Hg -P bond distances (molecule 1 vs. molecule 2) are 2.615 and 2.451 vs. 2.636 and 2.431 . The L -P -L bond angles increase with larger covalent radii of the coordinated atoms in the sequence: 95.0(3)° (Cl -Hg -Cl) < 101.2(4)°(av) (Cl -Hg -P) < 146.9(3)° (P -Hg -P) (in molecule 1) and 98.1(3)° < 98.1(3)° < 153.9(3)° (in molecule 2).
In colorless Hg(η 2 -phen)(CCl 3 )(Cl) [38], a tetrahedral arrangement around Hg(II) is formed with the chromophore, HgN 2 CCl. The mean Hg -L bond distance (molecule 1 vs. molecule 2) takes on the following values, in increasing order: 2.12 (C) < 2.30 (Cl) < 2.65 (av) (N) vs. 2.07 < 2.32 < 2.57 . The former molecule is less crowded than the latter,with the sum of all four Hg -L bond distances measuring 9.72 vs. 9.53 .
There are six dimers [39] [40] [41] [42] [43] [44] and three polymers of mercury compounds [45] [46] [47] that contain two crystallographically independent molecules within the same crystal. Their crystallographic and structural parameters are listed in Table 4 .
In colorless triclinic [Hg(µ-urea) Where more than one chemically equivalent distance or angle is present, the mean value is tabulated. The first number in parenthesis is the e.s.d., and the second is the maximum deviation from the mean. b The chemical identity of the coordinated atom or ligand is specified in these columns. c Four-membered metallocyclic ring. Where more than one chemically equivalent distance or angle is present, the mean value is tabulated. The first number in parenthesis is the e.s.d., and the second is the maximum deviation from the mean. b The chemical identity of the coordinated atom or ligand is specified in these columns. c Four-membered metallocyclic ring.
(bridge) and Hg -C (terminal) bond distances (dimer 1 vs. dimer 2) are 2.647 and 2.308 vs. 2.679 and 2.305 . The L -Hg -L bond angles have values in the following order: 77.5(4)° (O -Hg -O) < 94.5(4)° (av) (O -Hg -Cl) < 168.0(1) (Cl -Hg -Cl) (in dimer 1) and 80.9(1)° < 93.3(4)° (av) < 171.3(1)° (in dimer 2).
The .443(7) (µ-S) < 2.49(2) (N) < 2.55(2) (O) vs. 2.41(2) (N) < 2.466 (7) (µ-S) < 2.59(2) (O). The Hg -S -Hg and µS -Hg -µS angles are 108.6(3) and 141.3(2)° vs. 106.8(2) and 136.1(2) ( (Tables 3 and 4) . They belong to three crystal classes: orthorhombic (x2) < triclinic (x12) < monoclinic (x32). In these isomers, mercury exists in its +1 oxidation state [16, 17] ; in the remaining derivatives, mercury exists in its +2 oxidation state.
In α-and β-[Hg(Ph 2 Se) 2 ] 2 , each Hg(I) atom has a trigonal planar arrangement (HgSe 2 Hg') with a direct Hg(I) -Hg(I) bond length of 2.553(1) (α-) [16] and 2.5579(8) (β-) [17] . The sum of Hg(I) -Se (x2) and Hg -Hg bond distances in α-is 8.061
and 8.125 in the β-isomer.
Coordination numbers around Hg(II) atoms range from two to six. In general, the sum of Hg(II) -L bond distances increases with the sum of the covalent radii of the coordinated atoms. In the series of two coordinated species (HgX 2 ) the sum of Hg -X(x2) bond distances increases with the covalent radius of X (isomer 1 vs. isomer 2), as follows: 4.09 vs. 4.10 (N 2 n . 
(µ-Cl) < 3.226 (µ 3 -Cl) As can be seen, homo-as well as heterobidentate ligands form metallocyclic rings, with varying atoms and numbers of atoms in the ring. The mean chelating L -Hg -L bond angles take on the following values, in increasing order (less squeezed isomer vs. more squeezed isomer) : 46.6° vs. 50.8° (-OCO-) < 66.8° vs. 70.7° (-SCS-) < 72° vs. 73° (-OC 2 N-) < 79.1° vs. 79.5° (-NC 2 S-) < 89.3° vs. 91.2° (-SC 3 S-).
Polymerisation Isomerism
There are thirteen derivatives [23, [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] which belong to the class of polymerization isomers. Their crystallographic and structural parameters are gathered in Table 5 (1) (µ-dmso) and 2.315(6) ; 2.54(2) (µ-bet) and 2.347(5) ; and 2.63 (1) (µ-pyac) and 2.315 (6) monomer and the [Hg(µ-I)I 2 ] 2 2-dimer. In the monomer, the Hg(II) atom has a linear P -Hg -P structure (180°) with a mean Hg -P bond distance of 2.413(6)°. In the dimer, two HgI 2 units are bridged by a pair of iodine atoms. Each Hg(II) atom has a tetrahedral geometry (HgI 4 ). The mean Hg -I bond distance is 2.708(2) . The Hg -I (bridge) distances are 2.774 (2) -dimer. Two iodine atoms in the monomer create a linear structure around the Hg(II) atom (I -Hg -I = 180.00(0)°) with two equal Hg -I bond distances (2.574 (1) ). In the dimer, two iodine atoms serve as bridges between two HgI 2 units. The central Hg 2 I 2 ring has mean Hg -I -Hg and µI -Hg -µI bond angles of 83.81(4) and 96.19(4)°, with an Hg...Hg separation of 3.912(2) , once again ruling out a direct bond. 3-anion dimer, eleven dmso molecules and two water molecules. The structure of the monomers and the dimer are shown in Fig. 3 . In the monomer [HgI 4 ] 2-, four iodine atoms form a tetrahedral geometry with a mean Hg -I bond distance of 2.833 .
The six "tetrahedral angles" fall in the range of 106.7(1) -112.3(1)°. In another monomer, [HgI 3 (dmso)] -, three iodine atoms along with the oxygen atom of the dmso ligand form a distorted tetrahedral arrangement around the Hg(II) atom in (HgI 3 O). The mean Hg -I bond distance of 2.664 (1) is much shorter than that found in [HgI 4 ] 2-. The Hg -O bond distance is about 0.09 longer than the mean Hg -I bond distance. The six "tetrahedral angles" fall in the range of 87 (1) anionic dimer. In the monomer, the Hg(II) atom has a pentagonal pyramidal arrangement (HgN 5 Cl). The plane is formed by nitrogen atoms (Hg -N = 2.385 (7) (av)) and the chlorine atom occupies an apical position (Hg -Cl = 2.505 (2) ). In the dimer, two equivalent HgCl 2 units are connected by a pair of chlorine atoms and form a central Hg 2 Cl 2 ring. Each Hg(II) atom is tetrahedrally coordinated (HgCl 4 ). The mean Hg -Cl (terminal) and Hg -Cl (bridge) bond distances are 2.365(4) and 2.584 (4) , respectively. The mean Cl -Hg -µCl bond angle of 108.6(2)° is about 23.1° smaller than that of Cl -Hg -Cl (131.7 (1) [53] . A pentagonal pyramid around the Hg(II) atom is formed by the five N atoms of the C 17 H 27 N 5 moiety which are in a plane, while the bromine atom occupies an apical position. The Hg -N and Hg -Br bond distances are 2.39(4) (av) and 2.565(5) . The dimer is classical, meaning that two HgBr 2 units are double bridged by a pair of bromine atoms. Each Hg(II) atom has a tetrahedral arrangement (HgBr 4 ). The indicates the absence of a bond. The Hg -Cl (bridge) bond distances range from 2.636(7) to 2.784(7) . The mean Hg -Cl (terminal) bond distance of 2.368 (7) is about 0.129 shorter than the mean Hg -Cl bond distance found in the monomers (2.497 (8) ). There are two colourless derivatives [56, 57] cation. In the monomer, four chlorine atoms create a tetrahedral arrangement around the Hg(II) atom , with a mean Hg -Cl bond distance of 2.503(9) . In the complex cation {Hg(η 2 -C 12 H 28 N 2 )}, units are connected by chlorine atoms and form a polymeric chain in the manner, -Cl -Hg(L 2 ) -Cl -Hg(L 2 ) -. Each Hg(II) has a coordination number of six. Two homobidentate C 12 H 18 N 2 ligands form a plane with a mean Hg -N bond distance of 2.38(3) .
Chlorine atoms which serve as bridges are bound in axial positions (Hg -Cl = 2.70(2) (av)) and complete a tetragonal bipyramidal arrangement around each Hg(II) atom (HgN 4 Cl 2 ).
X-ray analysis of colourless monoclinic Hg(tu) 2/3 Cl 2 [57] shows the presence of monomeric {HgCl 2 } and polymeric {HgCl 3 (tu)} units. In the monomer, the Hg(II) atom has a linear coordination (Cl -Hg -Cl = 180.0°), with an Hg -Cl bond distance of 2.32(2) . In the polymer, Hg(tu)Cl moieties are connected by chlorine atoms to form a polymeric chain. Each Hg(II) atom has a distorted tetrahedral geometry (HgCl 3 S). The mean Hg -L bond distance increases in the following order: 2.39(2) (L=Cl) < 2.40(2) (S) < 2.89(2) (µ-Cl). The L -Hg -L bond angles range form 87.2(6)° to 155.0(7)°.
Colourless triclinic (ttf) [HgCl 3 ] [58] is the only example that contains a dimer {HgCl 4 } and a polymer {HgCl 5 }. In the dimer, two HgCl 2 units are bridged by a pair of chlorine atoms. The mean Hg -Cl (terminal) and Hg -Cl (bridge) bond distances are 2.375(5) and 2.648 (5) , respectively. The Hg...Hg separation of 3.43 excludes the presence of a direct bond. The mean Hg -Cl -Hg and µCl -Hg -µCl bond angles are 89.9(2) and 90.1(2)°, respectively, while the mean Cl -Hg -Cl and Cl -Hg -µCl bond angles are 132.2(2) and 106.4(2)°, respectively. In the polymer, two chlorine atoms serve as bridges between HgCl 3 units to form a polymeric chain. Each Hg(II) atom has a coordination number of five (HgCl 5 ) ( Table 5) .
Inspection of the data in Table 5 In general, the mean Hg -L (terminal) bond distances are shorter than the Hg -L (bridge) bond distances, and all of them increase with the covalent radius of the coordinated atom/ligand, as expected.
Coordination Number Isomerism
There are two derivatives [59, 60] which belong to this class of isomerism and their crystallographic and structural parameters are given in -and [Hg(η 2 -en)I] + are triply coordinated. In the former, three iodine atoms with Hg -I bond distances zinc: monoclinic (x29) > orthorhombic (x12) > triclinic (x10); cadmium: monoclinic (x18) > triclinic (x10) > orthorhombic (x8) > tetragonal (x3) > hexagonal (x2) > trigonal (x1); mercury: monoclinic (x32) > triclinic (x12) > orthorhombic (x2).
As can be see, the monoclinic crystal is by far the most common.
In the chemistry of "borderline" Zn(II) and "soft" Cd(II) and Hg(II), a wide variety of ligands are found that form the following inner coordination spheres about the metal atoms, with varying degrees of distortion and of inner coordination spheres: As can be seen, a variety of inner coordination spheres around the metals become increasingly larger: 4-6 (Zn) < 2-6 (Hg) < 3-8 (Cd). A tetrahedral arrangement with a different degree of distortion is by far the most prevalent form for all three metals, as expected.
Although Zn(II) should preferentially bind to "borderline" donor ligands, there is no known example of such a ligand, but there are examples with pure "hard" and "soft" donor atom ligands. A combination of "hard" with "soft" donor atom ligands by far prevails.
Likewise, in the series of Cd(II) and Hg(II) isomers, the combination of "hard" and "soft" donor atom ligands are most suitable for the formation of the respective isomers.
We believe that a systematic overall review is necessary, and that such reviews serve the useful purpose of delineating areas of both interest and weakness.
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